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(54) NONVOLATILE SEMICONDUCTOR STORAGE DEVICE AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the occurrence of conductive 
residues that short-circuit word lines to each other. 
SOLUTION: The memory cell of a nonvolatile semiconductor storage 
device has a channel forming area CH, a charge storing film CSF 
composed of a plurality of laminated dielectric films, and two storing 
sections composed the areas of the charge storing films CSF 
overlapping both end sections of the channel forming area CH. The 
storage device also has single-layer dielectric films DF2 which come 
in contact with the surface of the channel forming area CH between 
the storing sections, auxiliary layers (for example, bit lines BL1 and 
BL2) respectively formed on two impurity areas S/D, and two first 
control electrodes CGI and CG2 which are formed on the auxiliary 
layers through the dielectric films DF2 and positioned on the storing 
sections. In addition, the storage device also has second control 
electrodes WL which are buried in the space between the first control 
electrodes CGI and CG2 in a state where the electrodes WL are 
insulated from the electrodes CGI and CG2 and brought into contact 
with the dielectric films DF2. Since the main areas of the facing 
surfaces of the first control electrodes CGI and CG2 are forwardly 




tapered, no conductive residue is left during working the second control electrodes WL. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.*a|e** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The channel formation field where it has a memory cell and the memory cell concerned 
consists of a semi-conductor. The charge storage film with [ consist of two or more dielectric films by 
which the laminating was carried out, and ] charge maintenance capacity. The two storage sections 
which consist of fields of the above-mentioned charge storage film which laps on the both ends of the 
above-mentioned channel formation field, The dielectric film of the monolayer which touched on the 
above-mentioned channel formation field between the above-mentioned storage sections. The 1 st two 
control electrode formed at a time on [ each / one ] the above-mentioned storage section so that the 
main fields of the field which counters mutually might become forward tapered shape-like, A non-volatile 
semiconductor memory with the 2nd control electrode which was embedded in the condition of having 
insulated with each 1 st control electrode, to the tooth space between the 1 st two above-mentioned 
control electrode, and touched on the dielectric film of the above-mentioned monolayer. 
[Claim 2] A non-volatile semiconductor memory according to claim 1 further with two auxiliary layers 
close to each field where the above-mentioned memory cell consisted of a semi-conductor of the 
above-mentioned channel formation field and a reverse conductivity type, was respectively formed on 
two impurity ranges mutually estranged across a channel formation field, and the two above-mentioned 
impurity ranges, and faced the outside of the above-mentioned memory cell of the 1st control electrode 
of the above. 

[Claim 3] The above-mentioned auxiliary layer is a non-volatile semiconductor memory according to 
claim 2 which consists of a conductive layer which approached the lateral surface of the 1st control 
electrode of the above in the condition of having made the dielectric film intervening. 
[Claim 4] The above-mentioned conductive layer is a non-volatile semiconductor memory according to 
claim 3 which consists of a layer of the polycrystal silicon with which the impurity of the same 
conductivity type as the above-mentioned impurity range was introduced, or amorphous silicon. 
[Claim 5] The above-mentioned auxiliary layer is a non-volatile semiconductor memory according to 
claim 2 which consists of a dielectric layer close to the lateral surface of the 1st control electrode of 
the above. 

[Claim 6] The above-mentioned channel formation field, the two above-mentioned storage sections, the 
1 st and 2nd control electrodes of the above, Two or more arrangement of the two above-mentioned 
auxiliary layers and the memory cell with the two above-mentioned impurity ranges is carried out at the 
letter of a matrix, and a memory cell array is constituted. The two above-mentioned auxiliary layers are 
arranged for a long time in the direction of a train, respectively, and it is shared between two or more 
memory cells. It is shared between two memory cells which adjoined the line writing direction. And the 

1 st two above-mentioned control electrode The non-volatile semiconductor memory according to claim 

2 which it has been arranged along with the two above-mentioned auxiliary layers, and it was shared 
between two or more memory cells, and the 2nd control electrode of the above has been arranged for a 
long time at the line writing direction, and was shared between two or more memory cells. 

[Claim 7] The non-volatile semiconductor memory according to claim 6 through which the 1st two 
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control electrode of the above whose above-mentioned auxiliary layer shared between two memory cells 
which adjoined the line writing direction is pinched from crosswise both sides has flowed electrically. 
[Claim 8] The non-volatile semiconductor memory according to claim 7 to which the 1st control 
electrode of the above became from the conductive layer of the sidewall configuration formed in the 
crosswise both sides of the above-mentioned auxiliary layer, and the 1st two control electrode of each 
other with the above-mentioned sidewall configuration was connected on the outside of the above- 
mentioned memory cell array. 

[Claim 9] The 1 st control electrode of the above is a non-volatile semiconductor memory according to 
claim 7 which consists two side faces and top faces of the above-mentioned auxiliary layer of a wrap 
conductive layer. 

[Claim 10] The non-volatile semiconductor memory according to claim 6 with which the dielectric 
detached core which separates the above-mentioned channel formation field electrically between the 
memory cells which adjoined in the direction of a train was formed in the surface field of the above- 
mentioned semi-conductor between the 2nd control electrode of the above at least. 
[Claim 11] The 2nd control electrode of the above is the non-volatile semiconductor memory according 
to claim 10 with which it has a sidewall on the crosswise both sides, and each of the sidewall concerned 
lapped on the edge of the above-mentioned dielectric detached core. 

[Claim 12] The channel formation field where it has two or more memory cells, and each memory cell 
consists of the 1st conductivity-type semi-conductor, The 1st and 2nd impurity ranges which consisted 
of the 2nd conductivity-type semi-conductor, and were mutually estranged across the above-mentioned 
channel formation field, alienation of the 1 st and 2nd impurity ranges of the above — with the control 
electrode which has been arranged for a long time in a direction and the direction which intersects 
perpendicularly, and was shared between two or more memory cells Consist of two or more dielectric 
films formed in the layer immediately under the above-mentioned control electrode, and it has the 
charge storage film which memorizes information into the part which lapped on the above-mentioned 
channel formation field. The memory cell which adjoins in a direction and the direction which intersects 
perpendicularly is electrically separated by the dielectric detached core, alienation of the 1st and 2nd 
impurity ranges of the above — The non-volatile semiconductor memory to which the 1st above- 
mentioned impurity range and the 2nd above-mentioned impurity range of the above-mentioned 
contiguity memory cell which were separated by the above-mentioned dielectric detached core were 
connected by the conductive layer, respectively. 

[Claim 13] The channel formation field which consists of the 1st conductivity-type semi-conductor, and 
two impurity ranges which estrange across the above-mentioned channel formation field, and consist of 
the 2nd conductivity-lype semi-conductors, The 1 st two control electrode formed in the condition of 
having made the charge storage film which consists of two or more dielectric films intervening on the 
both ends of the above-mentioned channel formation field near the two above-mentioned impurity 
ranges. It meets in the condition of having made the dielectric film of a monolayer intervening on the 
above-mentioned channel formation field between the 1st control electrode. It is the manufacture 
approach of a non-volatile semiconductor memory with the 2nd control electrode arranged for a long 
time in the direction, alienation of the above-mentioned impurity range — An auxiliary layer with the 
Rhine configuration long in a direction and the direction which intersects perpendicularly is formed on 
the semiconductor region in which the above-mentioned impurity range top or the above-mentioned 
impurity range is formed, many processes of the following [ approach / above-mentioned / 
manufacture ], i.e., alienation of the above-mentioned impurity range, — The above-mentioned charge 
storage film is formed on the front face of the above-mentioned auxiliary layer, and the front face of the 
above-mentioned channel formation field. Along with the above-mentioned auxiliary layer, the 1st 
control electrode of the above is formed in the condition of having made the above-mentioned charge 
storage film intervening. Etching which used the 1 st control electrode of the above as the mask removes 
some charge storage film. The manufacture approach of a non-volatile semiconductor memory including 
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e&ch process which forms the dielectric film of a monolayer in the front face of the above-mentioned 

channel formation field and the front face of the 1 st control electrode of the above which were exposed 

by removal of the above-mentioned charge storage film, and forms the 2nd control electrode of the 

above on the dielectric film of the above-mentioned monolayer, and the above-mentioned auxiliary layer. 

[Claim 14] The above-mentioned auxiliary layer is the manufacture approach of the non-volatile 

semiconductor memory according to claim 13 which consists of a dielectric layer. 

[Claim 1 5] The above-mentioned auxiliary layer is the manufacture approach of the non-volatile 

semiconductor memory according to claim 13 which consists of a conductive layer. 

[Claim 16] The above-mentioned auxiliary layer is the manufacture approach of the non-volatile 

semiconductor memory according to claim 15 which consists of the polycrystal silicon or amorphous 

silicon with which the 2nd conductivity-type impurity was introduced. 

[Claim 17] The manufacture approach of the non-volatile semiconductor memory according to claim 16 
which includes further the process which forms the impurity range of the 2nd conductivity type of the 
above by solid phase diffusion which made the above-mentioned auxiliary layer the source of diffusion. 
[Claim 18] The manufacture approach of the non-volatile semiconductor memory according to claim 16 
which includes further the process which oxidizes thermally alternatively the front face of the 
polycrystal silicon which makes the above-mentioned auxiliary layer, or amorphous silicon in order to 
insulate between the 2nd control electrode of the above, and the above-mentioned auxiliary layers. 
[Claim 19] The formation process of the above-mentioned auxiliary layer carries out the laminating of 
the following many processes, i.e., pad oxide film, nitrides, and sacrifice layers in this order, and forms a 
cascade screen. Embed into the part from which etching removed a part of above-mentioned cascade 
screen, and the above-mentioned cascade screen removed the polycrystal silicon or amorphous silicon 
with which the 2nd conductivity-type impurity was introduced, and the above-mentioned auxiliary layer 
is formed. The manufacture approach of a non-volatile semiconductor memory including each process 
which removes the above-mentioned sacrifice layer and oxidizes thermally the front face of the above- 
mentioned polycrystal silicon or amorphous silicon by using the above-mentioned nitride as the 
oxidation inhibition film according to claim 18. 

[Claim 20] The manufacture approach of the non-volatile semiconductor memory according to claim 19 
which forms the above-mentioned impurity range of the 2nd conductivity type by solid phase diffusion 
which made the above-mentioned polycrystal silicon or amorphous silicon the source of diffusion in case 
the front face of the above-mentioned polycrystal silicon or amorphous silicon is oxidized thermally. 
[Claim 21] The manufacture approach of the non-volatile semiconductor memory according to claim 19 
which includes further each process which embeds the polycrystal silicon or the amorphous silicon with 
which the formation process of the above-mentioned auxiliary layer formed opening in the above- 
mentioned cascade screen according to many following processes, i.e., the pattern of the above- 
mentioned auxiliary layer, the 2nd conductivity-type impurity was introduced through the above- 
mentioned opening, the above-mentioned impurity range of the 2nd conductivity type was formed in the 
semiconductor region exposed to the above-mentioned opening base, and the impurity was introduced 
at the above-mentioned opening circles. 

[Claim 22] The manufacture approach of the non-volatile semiconductor memory according to claim 13 
which forms the 1st control electrode of a sidewall configuration in the crosswise both sides of the 
above-mentioned auxiliary layer by depositing and carrying out etchback of the electric conduction film 
in the formation process of the 1 st control electrode of the above. 

[Claim 23] The manufacture approach of a non-volatile semiconductor memory according to claim 1 3 of 
containing further each process dissociate the above-mentioned electric-conduction film in the part 
which etches the above-mentioned electric-conduction film while the formation process of the 1st 
control electrode of the above deposits the electric-conduction film, forms an etching protective layer 
on the electric-conduction film located above the above-mentioned auxiliary layer and protects the 
upper part part of an auxiliary layer by the etching protective layer, and is located above the center 
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section of the above-mentioned channel formation field. 

[Claim 24] The manufacture approach of a non-volatile semiconductor memory according to claim 23 of 
containing further each process the formation process of the above-mentioned etching protective layer 
forms the oxidation inhibition film in the wall of the crevice of the above-mentioned electric-conduction 
film made reflecting the configuration of the above-mentioned auxiliary layer, and oxidize thermally the 
front face of the electric-conduction film part are located above the above-mentioned auxiliary layer 
which is not covered with the oxidation inhibition film, form the above-mentioned etching protective 
layer, and remove the above-mentioned oxidation inhibition film. 

[Claim 25] The manufacture approach of the non-volatile semiconductor memory according to claim 13 
which includes further each process which forms the dielectric detached core of the shape of long 
parallel Rhine in an one direction at the semi-conductor of the 1st conductivity type, forms the auxiliary 
layer which consists of the polycrystal silicon or the amorphous silicon with which the impurity was 
introduced in the shape of [ long ] parallel Rhine in the direction which intersects perpendicularly with 
the above-mentioned dielectric detached core, and forms the above-mentioned impurity range of the 
2nd conductivity type in the semi-conductor part which laps with the arrangement field of the above- 
mentioned auxiliary layer between the above-mentioned dielectric detached cores. 
[Claim 26] The manufacture approach of a non-volatile semiconductor memory including each process 
to which the process which forms the 1st control electrode of the above deposits many following 
processes, i.e., the electric conduction film with which it becomes the 1st control electrode of the above, 
forms an etching protective layer on the electric conduction film part used as the drawer field of the 1st 
control electrode of the above, and carries out etchback of the above-mentioned electric conduction 
film according to claim 13. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention has the two storage sections which consist of charge storage film 
to which the both ends of a channel formation field were made to carry out the laminating of two or 
more dielectric films, and relates 2-bit information to an independently memorizable non-volatile 
semiconductor memory and its manufacture approach to the storage section concerned. 
[0002] 

[Description of the Prior Art] Conventionally, it has the charge storage film to which the laminating of 
two or more dielectric films, such as the so-called MONOS (Metal-Oxide-Nitride-Oxide-Semiconductor) 
mold, was carried out, and the non-volatile semi-conductor storage element which memorizes 
information by controlling the amount of charges accumulated in the charge trap in this charge storage 
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film is known. 

[0003] The technique in which 2 bits per one memory cell were independently memorizable was reported 
by by recently writing binary information in a source [ of the charge storage film ], and drain side 
independently with the conventional CHE (Channel Hot Electron) impregnation method paying attention 
to the ability pouring a charge into a part of distribution field of a discrete charge trap. 
[0004] For example, the charge storage film was separated and prepared in the source and drain side, 
and the control electrode was prepared on the charge storage film, and the WORD gate electrode is 
prepared in the channel center section between control electrodes "2000 Symposium on VLSI 
Technology and pp.1 22-1 23" in the condition of having made the dielectric film of the monolayer which 
does not have charge maintenance capacity intervening. A WORD gate electrode is connected to a word 
line, a control electrode is wired in the direction which intersects perpendicularly with a word line, and a 
WORD gate electrode is controlled independently. For this reason, the controllability and charge 
injection efficiency of a location of charge impregnation could be gathered, consequently high-speed 
writing is attained. 

[0005] This memory cell is called a twin MONOS eel, has the WORD gate electrode repeated at fixed 
spacing to the line writing direction, and has the conductive layer of a sidewall form on the wall surface 
of those line writing direction both sides. It is ONO (Oxide-Nitride-Oxide) directly under the conductive 
layer of this sidewall form. It has the film, i.e.. the charge storage film with charge maintenance capacity. 
On the other hand, the dielectric film of a monolayer is formed directly under a WORD gate electrode, 
therefore this part does not have charge maintenance capacity. N+ which introduces an N type impurity 
into the substrate part which uses the conductive layer and WORD gate electrode of a sidewall form as 
a mask, and expresses them between the conductive layers of the adjoining sidewall form, and becomes 
the source or a drain The impurity range is formed. 
[0006] 

[Problem(s) to be Solved by the Invention] Although the concrete manufacture approach is not indicated 
by the above mentioned paper, this twin MONOS eel has a trouble on the manufacture shown below and 
structure. 

[0007] In this twin MONOS eel, after forming a WORD gate electrode, the conductive layer of a sidewall 
form is formed in that side face. Therefore, the process which connects a WORD gate electrode with a 
word line is required after that. 

[0008] Moreover, it is necessary to carry out pattern NINGU of the WORD gate electrode in this twin 
MONOS eel at the shape of parallel Rhine long in the direction of a train at first. After usually depositing 
a WORD gate electrode material at this time, the pattern of a resist is formed on it and an anisotropy 
processes a WORD gate electrode material by the powerful etching approach (Reactivelon Etching), for 
example, RIE. by using this resist as a mask. As for the cross-section configuration of a resist pattern, it 
is common that a side face serves as a forward tapered shape, and in order that the resist at the time 
of etching may retreat somewhat, the side face of the WORD gate electrode after processing also 
serves as a forward tapered shape. Moreover, even if it uses the ingredient which does not retreat at 
the time of etching without using a resist, a forward tapered shape tends to be somewhat made on the 
side face of the WORD gate electrode after processing under the effect of the side-attachment-wall 
affix at the time of etching etc. In case this WORD gate electrode carries out pattern NINGU of after 
that, for example, the word line, it is necessary to process it into coincidence and to separate it 
between eels. However, etching must remove a WORD gate electrode alternatively, digging a hole with 
the cross-section configuration of trapezoidal shape, since the control electrode is formed in the 
condition of having made the insulator layer already intervening to the side attachment wall of a WORD 
gate electrode at this time. Therefore, the lower part side of the side face of a back taper-like control 
electrode is hard to be etched at the time of this etching, and it is easy to produce conductive residue 
into this part along with a control electrode. If conductive residue arises, it will become short [ between 
word lines / poor ]. 
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[0009] Moreover, the conductive layer of a sidewall form goes around the perimeter of the conductive 
layer of the shape of Rhine used as a WORD gate electrode, and is formed annularly. If the conductive 
layer of a sidewall form is used as a control electrode as it is, the control electrode by the side of the 
source and the control electrode by the side of a drain will be in the condition of having connected too 
hastily electrically. Therefore, in order to impress an electrical potential difference which is different in 
the control electrode by the side of the source, and the control electrode by the side of a drain, both 
control electrodes must be separated. Since this separation cannot be performed by bundling up at the 
time of other processes, for example, word line processing, for example, after only the both-ends side of 
the conductive layer of the shape of Rhine used as a WORD gate electrode forms the etching mask 
which carried out opening and removes a wrap insulator layer for the conductive layer of a sidewall form 
through this opening, the process which disconnects a conductive layer by etching is needed. 
[0010] Furthermore, in the twin MONOS eel, since the ONO film is formed directly under the conductive 
layer of a* sidewall form, the ONO film which touches a channel formation field has been prolonged for a 
long time in the direction of a train along with the conductive layer of a sidewall form. Elimination is 
performed by pouring a charge into the ONO film field (henceforth the storage section) which intersects 
a channel, and writing being performed, and drawing out stored charge to a substrate side, or pouring in 
the charge of a reverse conductivity type to this storage section, at the time of actuation. The adjoining 
field of the storage section becomes easy to be covered with a charge while repeating this rewriting 
actuation repeatedly regularly. And leak pass becomes easy to be made into the outside of a channel 
with this charge. When drawing out and eliminating the accumulated charge from the whole channel 
surface by the electron, like the storage section, the adjoining field is also under rule of a control 
electrode, and since the electron collected on the adjoining field also draws out and withers in 
coincidence, it seldom becomes a problem. However, since it will become easy to produce leak pass if 
the adjoining field of the storage section is covered with the electron hole of the case of a charge with 
the polarity of the direction which turns on a channel, for example, an N type channel, when pouring the 
charge of reversed polarity into the storage section, in order to eliminate the charge accumulated 
especially, the fall of the leak property by this poses a problem. 

[001 1] The 1st purpose of this invention is by making possible the structure top of forming a WORD 
gate electrode as a word line (the 2nd control electrode) and one to make unnecessary the process 
which connects a word line with a WORD gate electrode. The 2nd purpose of this invention is to make 
into structure top needlessness the process for preventing generating of conductive residue which 
short-circuits between word lines, and cutting between two control electrodes in the same cel. The 3rd 
purpose of this invention is to make for an unnecessary charge to collect between the adjoining field of 
the direction which met the control electrode to the storage section, or the storage section into the 
structure which is prevented and leakage current does not generate. 
[0012] 

[Means for Solving the Problem] In order to attain the 1st and 2nd purposes of the above, the non- 
volatile semiconductor memory concerning the 1st viewpoint of this invention The channel formation 
field where it has a memory cell and the memory cell concerned consists of a semi-conductor. The 
charge storage film with [ consist of two or more dielectric films by which the laminating was carried out, 
and ] charge maintenance capacity, The two storage sections which consist of fields of the above- 
mentioned charge storage film which laps on the both ends of the above-mentioned channel formation 
field. The dielectric film of the monolayer which touched on the above-mentioned channel formation field 
between the above-mentioned storage sections. The 1st two control electrode formed at a time on 
[ each / one ] the above-mentioned storage section so that the main fields of the field which counters 
mutually might become forward tapered shape-like. It has the 2nd control electrode which was 
embedded in the condition of having insulated with each 1st control electrode, to the tooth space 
between the 1st two above-mentioned control electrode, and touched on the dielectric film of the 
above-mentioned monolayer. Moreover, the above-mentioned memory cell consists of a semi-conductor 
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of the above-mentioned channel formation field and a reverse conductivity type, and it is respectively 
formed on two impurity ranges mutually estranged across a channel formation field, and the two above- 
mentioned impurity ranges, and has further two auxiliary layers close to each field facing the outside of 
the above-mentioned memory cell of the 1st control electrode of the above. 

[0013] The above-mentioned auxiliary layer approaches the 1st control electrode of the above in the 
condition of having made the dielectric film intervening, suitably, and consists of a layer of the 
polycrystal silicon with which the impurity of the same conductivity type as a conductive layer or the 
above-mentioned impurity range was introduced, or amorphous silicon. Or the above-mentioned auxiliary 
layer consists of a dielectric layer close to the 1 st control electrode of the above. 
[0014] In the configuration which has arranged two or more memory cells in the shape of a matrix, its 
potato is good, using as the configuration good [ as a sidewall form ] and connected [ the configuration ] 
mutually in the upper part of an auxiliary layer the 1st two control electrode of the above whose above- 
mentioned auxiliary layer shared between two memory cells which adjoined the line writing direction is 
pinched from crosswise both sides. The 1st control electrode of the latter configuration consists two 
side faces and top faces of the above-mentioned auxiliary layer of a wrap conductive layer, and its 
wiring resistance is low compared with a sidewall form. 

[0015] In order to attain the 3rd purpose of the above, the non-volatile semiconductor memory 
concerning the 2nd viewpoint of this invention The channel formation field where it has two or more 
memory cells, and each memory cell consists of the 1st conductivity-type semi-conductor, The 1st and 
2nd impurity ranges which consisted of the 2nd conductivity-type semi-conductor, and were mutually 
estranged across the above-mentioned channel formation field, alienation of the 1st and 2nd impurity 
ranges of the above — with the control electrode which has been arranged for a long time in a direction 
and the direction which intersects perpendicularly, and was shared between two or more memory cells 
Consist of two or more dielectric films formed in the layer immediately under the above-mentioned 
control electrode, and it has the charge storage film which memorizes information into the part which 
lapped on the above-mentioned channel formation field. The memory cell which adjoins in a direction 
and the direction which intersects perpendicularly is electrically separated by the dielectric detached 
core, alienation of the 1st and 2nd impurity ranges of the above — The 1st above-mentioned impurity 
range and the 2nd above-mentioned impurity range of the above-mentioned contiguity memory cell 
which were separated by the above-mentioned dielectric detached core are connected by the 
conductive layer, respectively. 

[0016] In order to attain the 1st and 2nd purposes of the above, the manufacture approach of the non- 
volatile semiconductor memory concerning the 3rd viewpoint of this invention The channel formation 
field which consists of the 1st conductivity-type semi-conductor, and two impurity ranges which 
estrange across the above-mentioned channel formation field, and consist of the 2nd conductivity-type 
semi-conductors, The 1st two control electrode formed in the condition of having made the charge 
storage film which consists of two or more dielectric films intervening on the both ends of the above- 
mentioned channel formation field near the two above-mentioned impurity ranges, It meets in the 
condition of having made the dielectric film of a monolayer intervening on the above-mentioned channel 
formation field between the 1 st control electrode of the above. It is the manufacture approach of a non- 
volatile semiconductor memory with the 2nd control electrode arranged for a long time in the direction, 
alienation of the above-mentioned impurity range — An auxiliary layer with the Rhine configuration long 
in a direction and the direction which intersects perpendicularly is formed on the semiconductor region 
in which the above-mentioned impurity range top or the above-mentioned impurity range is formed, 
many processes of the following [ approach / above-mentioned / manufacture ], i.e., alienation of the 
above-mentioned impurity range, — The above-mentioned charge storage film is formed on the front 
face of the above-mentioned auxiliary layer, and the front face of the above-mentioned channel 
formation field. Along with the above-mentioned auxiliary layer, the 1st control electrode of the above is 
formed in the condition of having made the above-mentioned charge storage film intervening. Etching 
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which used the 1st control electrode of the above as the mask removes some charge storage film. Each 
process which forms the dielectric film of a monolayer in the front face of the above-mentioned channel 
formation field and the front face of the 1 st control electrode of the above which were exposed by 
removal of the above-mentioned charge storage film, and forms the 2nd control electrode of the above 
in the dielectric film and the above-mentioned auxiliary layer of the above-mentioned monolayer is 
included. 

[0017] In the manufacture approach of the non-volatile semiconductor memory applied to the 3rd above 
mentioned viewpoint in order to attain the 3rd purpose of the above The dielectric detached core of the 
shape of long parallel Rhine is formed in an one direction at the semi-conductor of the 1st conductivity 
type. Each process which forms the auxiliary layer which consists of the polycrystal silicon or 
amorphous silicon with which the impurity was introduced in the shape of [ long ] parallel Rhine in the 
direction which intersects perpendicularly with the above-mentioned dielectric detached core, and forms 
the above-mentioned impurity range of the 2nd conductivity type in the semi-conductor part which laps 
with the arrangement field of the above-mentioned auxiliary layer between the above-mentioned 
dielectric detached cores is included further. 

[0018] Since the fields where the opposed face of the 1st two control electrode which constitutes one 
memory cell is main become forward tapered shape-like according to the manufacture approach of the 
non-volatile semiconductor memory concerning the 1st viewpoint of this invention, and the non-volatile 
semiconductor memory concerning the 3rd viewpoint, in case the 2nd control electrode is processed, 
the residue of conductive material which short-circuits between the 2nd control electrode does not 
occur. Moreover, formation of a word line is completed only by processing the 2nd control electrode. 
According to the non-volatile semiconductor memory concerning the 2nd viewpoint of this invention, the 
field of the charge storage film which adjoined the longitudinal direction both sides of the 1st control 
electrode to the charge storage film part used as the storage section has run aground on the dielectric 
detached core between channel formation fields, only by setting thickness of a dielectric detached core 
to about dozens of nm, even when a charge is accumulated in this adjoining field, from before, the effect 
to the semi-conductor directly under a dielectric detached core of that charge is markedly alike, and 
can weaken. 
[0019] 

[Embodiment of the Invention] Hereafter, a memory cell array method makes an example nonvolatile 
memory of VG (Vertual Ground) mold for the gestalt of operation of this invention using the memory cell 
of an N type channel, and it explains, referring to a drawing. Drawins 1 (A) is the top view of a memory 
cell, and drawing 1 (B) is the sectional view which met the A-A line of drawing 1 (A). Moreover, the 
sectional view where drawing 2 (A) met the B-B line of drawing 1 (A), and drawing 2 (B) are the 
sectional views which met the C-Q line of drawing 1 (A). 

[0020] Setting to these drawings, Sign SUB shows various kinds of semi-conductor layers of P type, 
such as a well or a SOI (Silicon On Insulator) layer of the semi-conductor substrate of P type, and P 
type. For convenience, it is hereafter called Substrate SUB. On Substrate SUB, the dielectric detached 
core ISO of the shape of a long parallel stripe is formed in the longitudinal direction (line writing 
direction) of drawing, the dielectric detached core ISO — LOCOS (Local Oxidation of Silicon) — law 
and STI (Shallow Trench Isolation) — law or field isolation (Field Isolation) It is formed of any of law they 
are. Here, the field isolation method is adopted and the dielectric film (dielectric detached core ISO) of 
the thickness which is about several lOnm is formed on Substrate SUB. The field of the shape of Rhine 
long to the line writing direction between this dielectric detached core ISO is a semi-conductor active 
region of the memory cell concerned. 

[0021] In the semi-conductor active region, predetermined spacing is set and source drain field S/D into 
which the N type impurity was introduced is formed. The semi-conductor active region between source 
drain field S/D is the channel formation field CH of a transistor. The bit lines BL1 and BL2 with which an 
N type impurity consists of polycrystal silicon introduced into high concentration are formed in the 
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lengthwise direction (the direction of a train) of drawing which intersects perpendicularly with a line 
writing direction by the pattern of the shape of long parallel Rhine. Crossing the dielectric detached core 
ISO top, bit lines BL1 and BL2 contact on source drain field S/D of the memory cell of the direction of 
a train, and supply a source electrical potential difference common to these memory cells, or a drain 
electrical potential difference. The thickness of the polycrystal silicon which constitutes bit lines BL1 
and BL2 is lOOnm - about 500nm. The front face of this polycrystal silicon is covered with the dielectric 
filmDFI. 

[0022] The charge storage film CSF which consists of two or more dielectric films is formed in the 
condition of having touched on the dielectric film DF 1 of the side face of these bit lines BL1 and BL2. 
and the edge of a channel formation field. The charge storage film CSF has cross-section the 
configuration of L characters, and the 1st control electrode (henceforth the control gate) CGI and CG2 
of a sidewall configuration is formed on the pars basilaris ossis occipitalis. The control gates CGI and 
CG2 are arranged for a long time in the direction of a train along with bit lines BL1 and BL2 with the 
charge storage film CSF. Although mentioned later for details, for example the control gates CGI and 
CG2 deposit the film of polycrystal silicon, where the front face of bit lines BL1 and BL2 is covered by 
the dielectric film DF 1 and the charge storage film CSF, and are formed by carrying out etchback of 
this. The control gates CGI and CG2 are supported in the condition of having made the dielectric film 
placed between the side faces of bit lines BL1 and BL2. Therefore, bit lines BL1 and BL2 function as an 
"auxiliary layer" to the control gates CGI and CG2. Moreover, the pars basilaris ossis occipitalis of the 
charge storage film part CSF pinched by control electrodes CGI and CG2 and the channel formation 
field CH, i.e., the charge storage film, turns into the "storage section" in which impregnation are 
recording of the charge is carried out, and informational storage is performed. 

[0023] The fields where the opposed face between the control gates CG [CGI and ] 2 is main serve as 
a forward tapered shape. The advantage of this opposed face serving as a forward tapered shape is 
mentioned later. The dielectric film DF 2 of a monolayer is formed on the opposed face of the control 
gates CGI and CG2, and the channel formation field CH. The word line WL is formed with the 
conductive material which fills the space between this control gate. The word line WL is formed by the 
almost same pattern as a semi-conductor active region, crossing the dielectric film DF 1 top on bit lines 
BL [ BL1 and ] 2. Moreover, sidewall WU which consists of conductive material is formed in the side 
face of the crosswise both sides of a word line WL. 

[0024] The reason for having prepared sidewall WU is as follows. In order to make cell size of the 
direction of a train into min, it is desirable to form Rhine of the dielectric detached core ISO, Rhine of a 
tooth space and a word line WL, and a tooth space with the minimum line width F decided [ both ] by 
the resolution limit of a photolithography etc. It becomes impossible in that case, for the width of face of 
the semi-conductor active region which is the tooth-space width of face of the dielectric detached core 
ISO to take both makeshift allowances almost in accordance with the width of face of a word line WL 
inevitably. Therefore, in the opposite tooth space between the control gates CG [ CGI and ] 2 shown in 
drawing 2 (B), if a word line WL shifts crosswise to a semi-conductor active region (channel formation 
field CH), the field which does not lap with a word line WL in a part of channel formation field CH will be 
made. In order that this field may not receive rule of the electric field by the word line WL, it serves as 
the source and leak pass between drains, consequently it becomes impossible to make a channel an 
OFF state. When a word line shifts crosswise especially, the field where a hot electron is not poured into 
storage **** is made. However, when eliminating using hot hole impregnation, since this storage **** is 
under electric-field rule of the control gate, a hot hole will be poured in, only the threshold electrical 
potential difference of the semi-conductor part [ directly under ] of it will fall greatly, and leakage 
current will increase through there. Moreover, there is a problem that channel width decreases by 
location gap of a word line WL. Reduction of WORD line breadth leads to the fall of a read-out current, 
and is accompanied by disadvantageous profit of accelerating the fall of the S/N ratio of a read-out 
signal conjointly with increase of leakage current. With this operation gestalt, it becomes possible to 
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prevent formation of the leak pass described above though the word line WL was formed with minimum 
line width F, and reduction of channel width by preparing sidewall WL' which extends the width of face of 
a word line WL substantially in the side face of a word line WL. In addition, in order to attain this purpose, 
it is more nearly required than it in whether the width of face of sidewall WL' is the same as the doubling 
allowances of a photolithography. Moreover, in order to attain this purpose, it becomes important that 
even the dielectric film DF 2 of that substrate does not etch succeeding the time of processing a word 
line WL Because, since sidewall WL' will contact the front face of the direct channel formation field CH 
when a word line WL shifts crosswise in drawing 2 (B) if the dielectric film DF 2 has not covered the 
front face of the channel formation field CH completely, it is for avoiding such a situation. 
[0025] In the memory cell of such a configuration, series connection of the two memory transistors MTa 
and MTb which are located in both sides on both sides of the central WORD transistor WT and the 
WORD transistor WT which make a word line WL the gate, and make the gate the control gates CGI or 
CG2 is carried out, and they are formed. Namely, at the time of actuation, the WORD transistor WT 
operates the channel of two memory transistors MTa and MTb as the source and a drain, and the 
memory transistors MTa and MTb operate either of source drain field S/D, and the channel of the 
WORD transistor WT as the source and a drain. 

[0026] Drawing 3 is a top view of a memory cell array shown including the pad for the electrode drawers 
of the control gate. This example of illustration corresponds to the control approach which controls 
control gate CGI comrades of bit line both sides, control gate CG2 comrades, and control gate CG3 
comrades by this potential. With this operation gestalt, since the control gate consists of a conductive 
layer of the sidewall form formed in the perimeter of a bit line, the two control gates CG1 and CG2 in 
one memory cell, i.e., the control gates, and the control gates CG2 and CG3 have already been 
separated at the time of control gate formation. Therefore, it is not necessary to cut the two control 
gates in one memory cell. 

[0027] At the time of control gate formation, in order to form the control pads CP1, CP2, and CPS. after 
depositing the electric conduction film used as the control gate, the etching protective layer of a 
rectangle pattern with a big area is formed in the field which forms the control pads CP1, CP2, and CP3, 
and etchback is performed after that. If an etching protective layer is removed after etchback, the 
control pads CP1, CP2, and CPS will be left behind to the part. Drawing S is the example which formed 
the control pad so that it might connect with the shorter side of the annular control gate. In addition, in 
order to raise the degree of freedom of a serial access between the memory cells of a line writing 
direction, the process which cuts the control gate of bit line both sides is needed and formation of a 
control pad is separately needed to the cut control gate to impress a different electrical potential 
difference independently of the control gate between the adjoining eels. 

[0028] Drawing 4 is the sectional view expanding and showing a part for the principal part of a memory 
cell. As shown in this drawing 4 , the charge storage film CSF consists of dielectric films of three layers. 
The bottom film BTM of the lowest layer and the top film TOP of the maximum upper layer consist of a 
silicon dioxide, oxidation silicon nitride (silicon oxynitride), or silicon nitride with few charge traps. The 
bottom film BTM functions as a potential barrier between substrates, stored charge has extracted the 
top film TOP enough to the gate side, and it functions as film which prevents that a gate side to a 
charge enters [ an unnecessary charge ]. Many charge traps are contained in the middle film OS, and it 
functions as film which mainly bears a charge storage. The middle film OS is constituted by the 
insulating matter (dielectric) which consists of the silicon nitride containing many charge traps, oxidation 
silicon nitride, or a metallic oxide. 

[0029] When performing charge impregnation in the storage section 1 at the time of writing, reference 
voltage is impressed to a bit line BL1 at a forward drain electrical potential difference and a bit line BL2, 
the forward electrical potential difference optimized by the control gates CG1 and CG2 according to the 
individual is impressed, and the forward electrical potential difference of extent which forms a channel in 
a word line WL is impressed. At this time, high energy is obtained by the source drain field S/D side by 
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which the electron supplied to the channel from source drain field S/D connected to the bit line BL2 
had the inside of a channel accelerated, and was connected to the bit line BL1, and it is poured in and 
accumulated in the storage section 1 over the potential barrier of the bottom film BTM. When pouring a 
charge into the storage section 2, the electrical potential difference between the control gates CG 
[ CGI and ] 2 is changed, and the electrical potential difference between bit lines BL [ BL1 and ] 2 is 
changed. This becomes opposite to the case where the side to which an electron becomes hot in energy 
an electronic supply side is the above, and an electron is poured into the storage section 2. 
[0030] At the time of read-out. a predetermined read-out drain electrical potential difference is 
impressed among bit lines BL [ BL1 and ] 2 so that the storage section side in which the bit for read- 
out was written may serve as the source. Moreover, although a channel may be made to turn on, it is 
low to extent to which the threshold electrical potential difference of the memory transistors MTa and 
MTb is not changed, and the forward electrical potential difference optimized, respectively is impressed 
to the control gates CGI and CG2 and a word line WL. At this time, the conductivity of a channel 
changes with the differences between the amount of stored charge of the storage section for read-out. 
or the existence of a charge effectively, consequently storage information is changed and read to the 
amount of currents or the potential difference by the side of a drain. When reading another bit, it reads 
like the above by changing a bit line electrical potential difference, and changing control gate voltage so 
that the storage section side in which the bit was written may serve as the source. 
[0031] At the time of elimination, a channel formation field CH and source drain field S/D side is high, 
and the blanking voltage of hard flow is impressed to it at the time of the above-mentioned writing so 
that the control gate electrode 1 CG [ CG and ] 2 side may become low. Thereby, stored charge is 
drawn out from one side or the both sides of the storage section at Substrate SUB side, and a memory 
transistor returns to an elimination condition. In addition, the approach of pouring into the storage 
section is also employable by generating as other elimination approaches near the PN junction which a 
source drain field S/D side or the interior of a substrate does not illustrate, and drawing near the high 
energy charge of reversed polarity by the electric field of the control gate with stored charge. 
[0032] It explains referring to the sectional view showing the manufacture approach of a memory cell in 
drawing 1 1 from drawing 5 next. First, on Substrate SUB. as shown in drawing 1 (A) and drawing 3 , the 
dielectric detached core ISO of the shape of an parallel stripe long in the direction of a train is formed. 
The whole surface on the semi-conductor active region between the dielectric detached cores ISO on 
the dielectric detached core ISO, as shown in drawing 5 , sequential formation of the pad layer PAD, the 
oxidation blocking layer OS, and the sacrifice layer SF is carried out. The oxidation blocking layer OS is 
the precise film which cannot oxidize easily, for example, consists of film of about 50nm silicon nitride. 
The pad layer PAD under it is thin film formed if needed for the purpose of the improvement in adhesion 
and stress relaxation to the substrate SUB of the oxidation blocking layer OS. for example, consists of 
film of a 5nm - about 8nm silicon dioxide. The sacrifice layer SF consists of the film, for example, the 
silicon dioxide film, of an ingredient with the high selectivity at the time of etching to the oxidization 
blocking layer OS, and the thickness is decided according to the height of a bit line. 
[0033] Pattern NINGU of these cascade screens PAD, OS, and SF is carried out for a resist etc. at a 
mask, and opening of the shape of a long parallel stripe is formed in the direction of a train. Along with 
that longitudinal direction, the dielectric detached core ISO and a semi-conductor active region are 
exposed to these opening circles together with alternation. 

[0034] The polycrystal silicon with which the N type impurity was doped by high concentration is 
deposited thickly, and this is separated from a front face on a sacrifice layer SF front face polish or by 
carrying out etchback. Thereby, as shown in drawing 7 . the bit lines BL1 and BL2 embedded at opening 
of cascade screens PAD, OS, and SF are formed. The semi-conductor active region expressing the base 
of opening circles is electrically connected by bit lines BL1 and BL2. 

[0035] After removing the sacrifice layer SF alternatively, the field of the expressed bit lines BL1 and 
BL2 is oxidized thermally, for example, about several lOnm dielectric film DF 1 is formed. By optimizing 
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the thickness of a dielectric film DF 1 and the oxidation blocking layer OS, oxidation can fully progress 
and the end-face side of the oxidation blocking layer OS can also cover completely the front face of bit 
lines BL1 and BL2 with the dielectric film DF 1 of sufficient thickness. Moreover, at this heating process, 
an N type impurity is spread in a semi-conductor active region by making into the source of solid phase 
diffusion the polycrystal silicon which constitutes bit lines BL1 and BL2, consequently source drain field 
S/D is formed. In addition, it is good to introduce the impurity of required concentration into a semi- 
conductor active region beforehand only at this diffusion by the ion implantation which an addition is 
heated, or is the process of previous drawing 6 , and let opening pass when the depth and high impurity 
concentration of source drain field S/D were inadequate. 

[0036] Sequential removal of the oxidization blocking layer OS and the pad layer PAD is carried out, and 
the charge storage film CSF is formed all over including the expressed channel formation field CH and 
the front face of a dielectric film DF 1. In addition, when the charge storage film CSF forms the bottom 
film BTM by thermal oxidation by the three-tiered structure shown in drawing 4 , the bottom film BMT is 
formed only in a channel formation field CH front face. 

[0037] The polycrystal silicon with which the impurity was fully doped is deposited thickly, and after 
forming in the required part on polycrystal silicon the etching protective layer for forming the control 
pads CP1 and CP2 illustrated and mentioned above in drawing 3 , and CP3 — , etchback of the 
polycrystal silicon is carried out. Thereby, the control gates CGI and CG2 of a sidewall configuration are 
formed in the condition of having made dielectric films DF1 and CSF intervening, to the both-sides side 
of bit lines BL1 and BL2. Moreover, the control gates CG1, CG2, and CG3, the control pads CP1 and 
CP2 connected suitably at — , and CP3 — are formed in coincidence. Since control gate width is 
decided, the thickness of the polycrystal silicon with which the impurity at this time was fully doped is 
controlled strictly. Then, an etching protective layer is removed. 

[0038] In order to consider as the structure of drawing 1 (B), the charge storage film CSF is first etched 
by using the control gates CGI and CG2 as a mask. Thereby, the charge storage film part on the 
channel formation field CH between control electrodes CG [ CGI and ] 2 and the upper charge storage 
film part of bit lines BL1 and BL2 are removed. Next, it oxidizes thermally and the silicon dioxide film is 
formed in a control electrode CG 1 , CG2 front face, and the front face of the channel formation field CH 
exposed among the control gates CG [ CG1 and ] 2. Thereby, although the dielectric film DF 2 of a 
monolayer is formed in the front face of polycrystal silicon or single crystal silicon, since other parts are 
dielectric films, they are hardly oxidized thermally. In addition, since the thermal oxidation thickness of 
doped polycrystal silicon becomes about twice the thermal oxidation thickness of single crystal silicon, 
even when the gate oxidation thickness of a central MOS transistor is thin, the insulation during wiring is 
secured enough. Then, the electrical conducting material used as a word line WL is thickly deposited on 
the whole surface, and patterns, such as a resist of the shape of a long parallel stripe, are formed on it 
at a line writing direction. Anisotropies, such as RIE which used this pattern as the mask, process an 
electrical conducting material by strong etching, and form a word line WL. Moreover, sidewall WL' of the 
word line WL shown in drawing 2 (B) is formed. The basic structure of a memory cell is completed by the 
above. 

[0039] The advantage over the memory cell structure indicated by said paper in which the conventional 
technique of the memory cell structure concerning this operation gestalt is shown below is explained. In 
addition, although the case where the control gate is divided into two sidewalls in the cross-section 
structure indicated by the above-mentioned paper is made into the example of a comparison in the 
following explanation, the advantage of this invention is the same even when not dividing the control 
gate. Drawing 1 2 (A) is a sectional view in alignment with the line writing direction at the time of dividing 
the control gate into two further in the cross-section structure of the eel indicated by the above- 
mentioned paper. The top view on which drawing 12 (B) was drawn focusing on two memory cells, and 
drawing 13 are the top views of a memory cell array also including a control pad. In addition, in these 
drawings, the sign which directs the configuration which is common in this operation gestalt is unified 
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into what was used with this operation gestalt. 

[0040] The fundamental eel configuration whose memory cell of this example of a comparison includes 
the point that series connection of the two memory transistors MTa and MTb is carried out to the 
WORD transistor WT on both sides of this is common in the memory cell of this operation gestalt. 
[0041] however, the memory cell of the example of a comparison have the WORD gate WG connect to a 
word line WL, in the condition of having make the charge storage film CSF place between the side faces, 
be the point which form the sidewall-like control gates CGI, CG2, and CG3, and the point of not have 
the dielectric detached core ISO which perform separation between eels of the direction of a train, and 
differ greatly on the memory cell of this operation gestalt. and structure. The control gates CGI, CG2. 
and CG3 need to form at least the WORD gate WG which serves as an auxiliary layer at the time of the 
formation in the direction of a train in the shape of [ long ] an parallel stripe from the need of forming in 
the direction of a train for a long time. However, on the other hand, in order to separate between word 
lines WL electrically, it is necessary to divide the stripe-like WORD gate WG to the isolated pattern for 
every cel. The above point is clear on the cellular structure. 

[0042] Hereafter, order is briefly described for the manufacture approach expected from the cellular 
structure of the example of a comparison later on. First, the laminating of the electric conduction film 
used as the dielectric film DP of a monolayer and the WORD gate WG is carried out on Substrate SUB. 
pattern NINGU of these is carried out, and the pattern of the shape of a long parallel stripe is formed in 
the direction of a train. All over including this pattern front face and a substrate SUB front face, the 
charge storage film CSF which consists of ONO film is formed. An etching protective layer is formed in 
required parts, such as a location of the control pads CP1. CP2, and CP3 which deposit thickly the 
polycrystal silicon with which the impurity was doped so that between the conductive layers used as the 
WORD gate WG may be embedded in this condition, for example, are shown in drawing 1 3 , and — , and 
etchback of the polycrystal silicon is carried out on the strong conditions of an anisotropy by that 
condition. Consequently, the sidewall which consists of polycrystal silicon in the condition of having 
made the charge storage film CSF placed between the both-sides sides of a conductive layer used as 
the WORD gate WG is formed as the control gates CG1. CGI. CG2. CG2. CG3. and CG3 and ~ 
Moreover, the control pads CP1. CP2, and CP3 and — are formed in coincidence. After oxidizing the 
front face of the sidewall (polycide Wall) which consists of polycrystal silicon by the oxidizing 
[ thermally ] method, by the ion implantation which used the conductive layer used as polycide Wall and 
the WORD gate WG as the mask, and used the charge storage film CSF between polycide Wall as the 
through film, an N type impurity is introduced into the substrate surface field between polycide Wall, and 
source drain field S/D is formed in it. Then, after embedding the tooth space between polycide Wall with 
dielectrics, such as a silicon dioxide, flattening of the front face of a dielectric is carried out so that the 
surface height may become equal to the height of a conductive layer which serves as the WORD gate 
WG mostly with polish or etchback. Although the conductive layer front face used as the WORD gate 
WG exposes this flattening, a polycide Wall front face is stopped with extent which is not exposed by 
existence of the thermal oxidation film. Then, the conductive material used as a word line WL is 
deposited on a flattening side, and the resist of the shape of a long parallel stripe is formed on it at a 
line writing direction. A conductor is etched by using a resist as a mask, and between word lines WL is 
separated. Moreover, etching divides the conductive layer continuously exposed to the substrate 
between word lines WL. Thereby, the WORD gate WG is formed by the pattern isolated for every cel. 
[0043] The 1st problem of this example of a comparison is a final process, and in case it divides the 
conductive layer used as the WORD gate WG to the pattern for every cel. it is easy to produce the 
residue of polycrystal silicon. That is, polycrystal silicon tends to remain in the part where the part 
which originates in the cross section of a conductive layer used as the WORD gate WG being trapezoidal 
shape as described above, will dig a hole with a back taper-like side face in case this is divided, 
consequently sees from surface opening, and serves as a shadow extended far back most, i.e., the part 
which met the lower side of a side face as shown in drawing 12 (B). in the shape of a muscle. In order 
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that the residue of such polycrystal silicon may make between the WORD gates WG short-circuit 
electrically, this memory cell array becomes word line short [ poor ]. 

[0044] In the cellular structure concerning this operation gestalt, since it does not have the conductive 
layer used as the WORD gate WG, it is not necessary to divide this. Moreover, in case a word line WL is 
separated, on the substrate of the part which carries out etching removal, it has the side face of a 
forward tapered shape reflecting the control gate configuration of a sidewall form. Therefore, there is an 
advantage that conductive material cannot remain in this part easily. 

[0045] Since the 2nd trouble of the example of a comparison does not have the dielectric detached core 
ISO like this operation gestalt, while repeating rewriting actuation repeatedly, it is that the field of the 
charge storage film CSF which adjoined the storage section becomes easy to be covered with a charge 
regularly. Since only impregnation is carried out and the charge (electron hole) of reversed polarity 
poured in for the charge with which only impregnation is performed especially in rewriting actuation, for 
example, elimination, is not drawn out intentionally, it tends to stop at this field gradually. Consequently, 
leak pass becomes easy to be made into the outside of a channel. Drawing 12 (B) shows the residual 
field of this charge, and the direction of leak pass. 

[0046] Although the part of the charge storage film CSF which touched the channel formation field CH 
in drawing 2 (A) serves as the storage section with this operation gestalt, the adjoining field of the 
storage section has run aground on the dielectric detached core ISO. Therefore, even if this adjoining 
field may be regularly covered with a charge, a channel is not influenced with that charge but there is an 
advantage that leak pass does not arise, in addition, a dielectric detached core — LOCOS — when it 
forms by law or the STI method, since a substrate surface field is insulation-ized, it is further hard to 
generate leakage current. 

[0047] Since it is annularly formed as the 3rd trouble of the example of a comparison for having gone 
around the perimeter of a conductive layer where the control gate turns into the WORD gate WG as 
shown in drawing 13 , it is necessary to cut two places of this control gate by the shorter side side of a 
conductive layer. It is because it is difficult to carry out 2-bit storage actuation efficiently if the two 
control gates CG 1 in 1 memory cell, and CG2, CG2, CG3 and — cannot impress an independently 
different electrical potential difference. 

[0048] In the cellular structure of this operation gestalt, as shown in drawing 3 , it is the two control 
gates CG 1 in 1 memory cell, and CG2, CG2, CG3 and — at the formation time, and they are already 
separated. Therefore, with this operation gestalt, as long as the adjoining control gate CG 1, and CGI, 
CG2, CG2 and — are used with this potential, the process for cutting the control gate has the 
advantage of being unnecessary. In addition, in order to raise the degree of freedom of serial access 
actuation of VG eel array, it will be necessary to cut the control gate CG 1, and CGI, CG2, CG2 and — 
in drawing 3 , respectively, the cutting part of the control gate only differs from the example of a 
comparison and the number of the parts to cut becomes the same to control all the control gates 
independently. 

[0049] In addition, with this operation gestalt, an auxiliary layer consists of conductive material (for 
example, polycrystal silicon which doped the impurity), and resistance of bit lines BL1 and BL2 and — is 
reduced compared with the example of a comparison which formed the bit line only in the impurity range 
embedded in the semi-conductor. Moreover, with this operation gestalt, channel length of the WORD 
transistor WT can be made smaller than minimum line width F. Since the source and the drain of the 
WORD transistor WT are the channel of the memory transistors MTa and MTb, even if it makes channel 
length of the WORD transistor WT detailed, a punch-through cannot pose a problem easily. 
[0050] The alteration of the versatility [ gestalt / this / operation ] in within the limits of the technical 
thought of this invention is possible. For example, not only polycrystal silicon but it can constitute from 
a conductor of amorphous silicon and others, and the auxiliary layer used as the object which forms the 
control gate can be constituted from a dielectric. In that case, it is necessary to embed and form a 
source drain field in the bottom of the dielectric detached core ISO, or to carry out the dielectric 
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detached core ISO to to the both sides of the storage section, and to cut on source drain field S/D. 
Consequently, source drain field S/D is formed in the direction of a train in the shape of [ long ] Rhine, 
and uses this source drain field S/D as a bit line. 

[0051] Moreover, the charge storage film SCF of the process of drawing 9 may be formed, without 
forming the dielectric film DF 1 by thermal oxidation in the front face of polycrystal silicon in the 
process of drawing 8 . In that case, in the process of drawing 1 1 . although the top face of the 
polycrystal silicon which becomes bit lines BL1 and BL2 and — by etching of the charge storage film 
SCF is exposed, since the top face of the polycrystal silicon used as this bit line also oxidizes thermally 
and the silicon dioxide film is formed after that in case [ of the control gates CGI and CG2 and — ] a 
front face is oxidized thermally, the insulating demarcation membrane with a word line is fully made. By 
this approach, the membrane formation process of the pad layer PAD in drawing 5 and the oxidation 
blocking layer OS. a subsequent removal process, and the thermal oxidation process in drawing 8 are 
unnecessary, and there is an advantage by which that part and a process are simplified. 
[0052] Furthermore, it is not limited to the sidewall configuration formed in the control gates CGI and 
CG2 and the side face of the auxiliary layer (the above-mentioned explanation bit lines BL1 and BL2, — 
) of — which a configuration becomes from a conductor or a dielectric. For example, as shown in 
drawing 14 R> 4, it is good in the control gates CGI and CG2 and — also considering the side face and 
top face of bit lines BL1 and BL2 and — as a wrap configuration. However, this configuration is limited 
to the application which uses electrically the control gate belonging to a different eel on both sides of a 
bit line with this potential. Moreover, with this configuration, the charge storage film CSF serves as a 
wrap configuration inevitably in the side face and top face of bit lines BL1 and BL2 and — . In the 
separation process of the charge storage film CSF of drawing 1111 explained previously, the charge 
storage film part on a bit line is because it is protected by the control gates CGI and CG2 and — . 
[0053] Hereafter, these control gates CGI and CG2 and the formation approach of — are explained, 
referring to two examples and a drawing. The 1st approach is shown in drawing 1 5 - drawing 1 7 . This 
manufacture approach can be enforced by replacing at the process which shows the formation process 
of the control gate of the sidewall form which explains previously and is shown in drawing 10 to drawing 
1 5 and drawing 16 . 

[0054] After forming bit lines BL1 and BL2. source drain field S/D. a dielectric DF 1, and the charge 
storage film CSF through the same process as drawing 5 - drawing 9 , as shown in drawing 1 5 , the 
electric conduction film CGF which consists of polycrystal silicon or amorphous silicon is formed in the 
whole surface. Moreover, a resist pattern R1 is formed by the photolithography on the electric 
conduction film CGF part located on bit lines BL [ BL1 and ] 2. 

[0055] By etching which used this resist pattern R1 as the mask, pattern NINGU of the electric 
conduction film CGF is carried out. Thereby, as shown in drawing 1 6 , the control gates CGI and CG2 
separated in the upper part of the center section of the channel formation field are formed. Etching at 
this time has a moderately strong anisotropy, and its conditions on which a resist pattern R1 retreats a 
little are desirable. It is because the edge of a resist pattern R1 retreats, consequently the main fields of 
the side face of the control gates CGI and CG2 serve as a forward tapered shape in connection with a 
resist pattern R1 carrying out film decrease during etching. In addition, in order to easy-ize retreat of an 
edge, you may make it go around [ the edge of a resist pattern R1 ] beforehand by comparatively hot 
postbake etc. 

[0056] As shown in drawing 17 . etching which used these control gates CGI and CG2 as the mask is 
performed, and the charge storage film CSF is separated. Moreover, in order to consider as the 
structure of drawing 14 , with having described above, by the same approach, a dielectric film DF 2 and 
a word line WL are formed, and the basic structure of the memory cell concerned is completed. 
[0057] The 2nd approach is the approach of forming the mask layer at the time of processing of the 
electric conduction film CGF in self align to a substrate configuration. The 2nd approach is shown in 
drawing 18 - drawing 22 . This manufacture approach can be enforced by replacing at the process which 
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shows the formation process of the control gate of the sidewall form which explains previously and is 
shown in drawing 10 to drawing 18 - drawing 22 . 

[0058] After forming bit lines BL1 and BL2, source drain field S/D, a dielectric DF 1, and the charge 
storage film CSF through the same process as drawing 5 - drawing 9 , as shown in drawing 1 8 , the 
electric conduction film CGF which consists of polycrystal silicon or amorphous silicon is formed in the 
whole surface. Then, the oxidation inhibition film OSF which consists of silicon nitride etc., for example 
is thinly formed in an electric conduction film CGF front face. Moreover, a resist is applied, after baking, 
etchback is carried out and a surface crevice is embedded by the resist R2. 

[0059] Etching which used the resist R2 as the mask in this condition removes some oxidation inhibition 
film OSF located above bit lines BL1 and BL2, as shown in drawing 19 . 

[0060] As the electric conduction film CGF exposed to the perimeter of the oxidation inhibition film OSF 
is alternatively oxidized thermally and is shown in drawing 20 after removing a resist R2, a dielectric film 
DF 2 is formed above bit lines BL1 and BL2. As shown in drawing 21 , the oxidation inhibition film OSF is 
removed. 

[0061] By etching which used the dielectric film DF 2 as the mask, pattern NINGU of the electric 
conduction film CGF is carried out. Thereby, as shown in drawing 22 , the control gates CGI and CG2 
separated in the upper part of the center section of the channel formation field are formed. Etching at 
this time has a moderately strong anisotropy, and its conditions on which a dielectric film DF 2 retreats 
a little are desirable. Since a dielectric film DF 2 is formed by the selective oxidation which used the 
oxidation inhibition film OSF as the mask, as for the tip, in the edge part, thickness is thin like the so- 
called BAZU beak of LOCOS. Therefore, if a dielectric film DF 2 carries out film decrease during etching 
of the control gate, the edge of a dielectric film DF 2 will retreat in connection with it, consequently the 
main fields of the side face of the control gates CGI and CG2 will serve as a forward tapered shape. 
[0062] Then, etching which used these control gates CGI and CG2 as the mask is performed, and the 
charge storage film CHS is separated. Moreover, in order to consider as the structure of drawing 14 , 
with having described above, by the same approach, a dielectric film DF 2 is formed in the side face of 
the control gates CGI and CG2, a word line WL is formed, and the basic structure of the memory cell 
concerned is completed. 
[0063] 

[Effect of the Invention] According to the non-volatile semiconductor memory concerning this invention, 
and its manufacture approach, the process which connects a word line with a WORD gate electrode like 
the conventional example is unnecessary, and in case the 2nd control electrode is processed, the 
residue of conductive material which short-circuits between the 2nd control electrode does not occur, 
even when a charge uncontrollable by the direction which met the 1st control electrode to the 
contiguity field outside the storage section collects regularly, even if the effect of the channel on the 
charge is markedly alike, and it can weaken by existence of a dielectric detached core, consequently it 
repeats rewriting actuation, a leak property does not deteriorate. The process separated in order to 
already have separated both and to control this independently, when forming the 1st two control 
electrodes in 1 memory cell is unnecessary, when an auxiliary layer consisted of conductive material, 
compared with the case where a bit line is constituted only from an impurity range embedded in the 
semi-conductor, resistance of a bit line was markedly alike and was reduced. Moreover, when the side 
face and top face of an auxiliary layer were made into a wrap configuration for the 1st control electrode, 
resistance of the 1st control electrode was reduced compared with the sidewall form. Furthermore, even 
if it forms Rhine of the 2nd control electrode, and the width of face of SU **-SU with the minimum 
threshold value of lithography, leakage current does not increase by doubling gap of the 2nd control 
electrode, or channel width does not decrease, consequently the S/N ratio of a read-out signal does not 
fall. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (A) is the top view of the memory cell concerning an operation gestalt. (B) is the sectional 
view which met the A-A line of (A). 

[Drawing 2] (A) is the sectional view which met the B-B line of drawing 1 (A) in the memory cell 
concerning an operation gestalt. (B) is the sectional view which met the C-C line of drawing 1 (A). 
[Drawing 3] In the nonvolatile memory concerning an operation gestalt, it is the top view of a memory 
cell array shown including the pad for the electrode drawers of the control gate. 

[Drawing 4] It is the sectional view expanding and showing a part for the principal part of the memory 
cell of drawing 1 (A) concerning an operation gestalt. 

[Drawing 5] In manufacture of the memory cell concerning an operation gestalt. it is a sectional viiBW 
after membrane formation of a sacrifice layer. 

[Drawing 6] In manufacture of the memory cell concerning an operation gestalt, it is the sectional view 
after carrying out opening of the pattern of a bit line to a sacrifice layer etc. 

[Drawing 7] In manufacture of the memory cell concerning an operation gestalt, it is a sectional view 
after bit line formation. 

[Drawing 8] In manufacture of the memory cell concerning an operation gestalt, it is the sectional view 
after oxidizing the front face of a bit line thermally. 

[Drawing 9] In manufacture of the memory cell concerning an operation gestalt, it is the sectional view 
after forming the charge storage film. 

[Drawing 10] In manufacture of the memory cell concerning an operation gestalt, it is a sectional view 
after control gate formation. 

[Drawing 1 1] In manufacture of the memory cell concerning an operation gestalt, it is a sectional view 

after removing some charge storage film which used the control gate as the mask. 

[Drawing 12] (A) is the outline sectional view showing the structure of the memory cell concerning the 

example of a comparison of an operation gestalt. (B) is the top view of the memory cell array centering 

on two memory cells concerning the example of a comparison of an operation gestalt. 

[Drawing 13] It is the top view of a memory cell array and a control pad concerning the example of a 

comparison of an operation gestalt. 

[Drawing 14] It is the sectional view showing the modification of the control gate configuration of an 
operation gestalt which met the A-A line of drawing 1 (A). 

[Drawing 15] It is a sectional view after formation of a resist pattern about the 1st approach of forming 
the control gate of a modification. 

[Drawing 1 6] It is a sectional view after etching of the control gate about the 1 st approach of forming 
the control gate of a modification. 

[Drawing 1 7] It is a sectional view after etching of the charge storage film about the 1 st approach of 
forming the control gate of a modification. 

[Drawing 18] It is the embedded backward sectional view of a resist about the 2nd approach of forming 
the control gate of a modification. 

[Drawing 19] the 2nd approach of forming the control gate of a modification — being related — some 
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oxidation inhibition film — it is a sectional view after removal. 

[Drawing 20] It is a sectional view after formation of a dielectric film about the 2nd approach of forming 
the control gate of a modification. 

[Drawing 21] It is a sectional view after removal of the remaining. oxidation inhibition film about the 2nd 
approach of forming the control gate of a modification. 

[Drawing 22] It is a sectional view after etching of the control gate about the 2nd approach of forming 
the control gate of a modification. 
[Description of Notations] 

MTa, MTb — A memory transistor. WT — WORD transistor, WL, WL1, WL2, WL3 — A word line (the 2nd 
control electrode). WL' — Sidewall. BL1. BL2. BL3 — A bit line, CGI, CG21, CG3 ~ Control gate (the 
1st control electrode). ISO — A dielectric detached core. SUB — A substrate (semi-conductor), S/D - 
- Source drain field (impurity range), CH — A channel formation field, DF1 — A dielectric film, DF2 — 
The dielectric film of a monolayer. CSF — The charge storage film, CP1, CP2. CPS — Control pad 
(drawer field of the 1st control electrode), BTM [ — A pad layer, OS / — An oxidation blocking layer, 
SF / — A sacrifice layer, WG / — The WORD gate, OSF / — The oxidation inhibition film, R1, R2 / — 
Resist. ] — The bottom film. CS — The middle charge storage film. TOP — The top film. PAD 



[Translation done.] 
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(A) CDB-B^tC)tt-p/t»rffil21, 0 2 (B) ti0 1 

(A) ©c-Cilll:mo:^»fffi0Ta&s. 

[0 0 2 0] :itih><Dm\zm^T. nnsuBit. pm 

<D^m#mWL> Pm<D'yx.JV^Tz\tSO I (Silicon on 
Insulator) Sfi if Pl!©Sa©*^tt:l«:^UTViS. 
Mfi±. iJiT. ««SUBtl/i3. »«SUB±IC. 0 

mm I soAm^^nTi^^^o mmi^^mmi so«, 

LOCOS (Local Oxidation of Silicon)^, STI (S 
hallow Trench Isolation) V 
l/-->3>(Field Isolation) ^cofsm^MCctoTJ^fiS; 

HI SO) t)mw.svB±izm^-^rLX\,-^^o caymm 

^ ^ ^: 'J -fe ;uo 4^«^et4ffii®T * ^ . 
[0 0 2 1] ^#«:si4®«i*iT. m&mm^^^^T, 
Nm^mmAmx^ntzv-T. • hu-t >«m«s/da^ 

-Stfyh^BLl, BL 2;(5^\ fT:*I^<hE52TS0<DJi 

• Ki/-f >MJ^s/D±(ci*ML> ^ne.(D^^ u-k;p 

.yhi^BLl. BL 2$r#lfi)c-r5#i^fii«^©/|[Stt, 
IttAtf 1 0 0 nm~5 0 0 nmigST*S. Cl<0#iig 

[0 0 2 2] S^«|j|«<^l^75^?>;^-g)«?^#ffllgCSF 
JlOf-y MIBL 1, BL 2C0lBilM®^a^*:|^DF 
1 t5"Y^;i'J^^®«<^«fiR±tt-»t;/5:t>ilSTJ^^3 



(6) 

JO 

mm^'-ht^^-^o) CGI, CG2AiI^fiK3nTI/i5. 

pmy-hCGl, CG2H. «^^SIt^CSFti:fc 
-tCt'-y h^BL 1, B L 2 iCiGoT^i::^[^tCfi:<geB$ 

nxti-So $ijpy-hcGi. cG2tj, mmmkm-r 

10 DJ^fiKSn-S), ©iffliy-hCGl, CG2«. t*-;/ 

B L 1 . B L 2 (Dmmizmnwi^^ift-tE^-^tz^mx^ 

^^nXli^. Lfcd^'oT. t'>:/l-^BLl, BL2 
\t. W^y- h C G 1 , C G 2 HMLT« i 
LT^tgr^o ©JWaSCGl. CG2i^^* 

[0 0 2 3] mmy— h c g i . c g 2 

20 tu-DX^^^::t<Dmj^itw^-r^. umy-hcG 

1, CG2©*H6l®±:j3j;U^^^^;WJ^fiS;«g«CH± 
mH©SI«#:|^DF 2 5&iJgJ5e$nTtiS, i:<Z)ftlJffll 

^-hm<D^m^mtt>^mmmmiz^io. ^-k^wl 

75^J^J*;^nTI.^^„ ^-H^WHJ, tf-yh^BLl, 
B L 2 ±«S|f|{*:^D F 1 ±Sr«^'3;^j:*^'6¥^#:«tt 

- K^WL<Ditis:&rS]i^{iI«<B!lffitc. ^«!iim*^e)7a:s-y- 
[0 0 2 4] -^-i \iO^-)VWL' ^KitfcSStt. 

iC^^Wtc, ^«fl£^)-ill)ii so®;^''^- 
7.«^X'$)^'=^mi^miimm.(Dmii. u-vmwi.<Dmt 

fti^-oX. 0 2 (B) tc:*-r^1»y-hCG 1. CG2 

m^mmcH) izml^ 9-K*swL*^iii:^i6]ir-rn^ 

'^tj.l^mm^X^XL^Oo ^©Mltti'7-H^WLlr 

^z.tf)^x^u<fs.^. t<iz. u-]rmm:Bt^\z-r 

^^^TiZ&^tztb^^-y b^-)l'f}^&X-^n, -f-CDiET 
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mmmm-rnt. ^-h-nwLcDfflijstc, 

tlCtD, •7-KISWLSr«/h«|i|iFTJ^figb;'5:*«€>fc 
±E U ;t 'J - i7 X ©Ji^figfc i ^ ;utS« S: l» 

EI 2 (B) t-^SUT^-K^WLA^Iig^l^tC-rnfc*^ 

[0 0 2 5] Z.(D^3fimfSi<D^'EV±.)Hzm^X\t. 

WTt, h7>v'X^'WTSrS(E^TMfi!l^C{4«b 
MtBiy- h C G 1 *fc«C G 2 $ry- h tf-S 2 

h^^v'X^^MT a, MT b <t ;5iit?iJ»M$nTJg 

^WT*, 2 00^^:U h^>i?:^^MT a, MTbW 

5>v7.i5'MTa, MTb^< V-X • Kl^'r>ffi^S 

[0 0 2 6] EI3«, $iJP':r-hc7)«®5l#tiiLffl<7)/N" 

(Dm^-m\t.. t'-y h^ii^fflijwsijpy- h c G 1 [Hi±, m 

ffliy-hCG2l^±, i3J:t/fBiJ«)y-hCG3ra±«:|l 

umf-h^^My hWk<Dmm\zmi^-^rL^-*)--( 
s2oo$iji?^/*-h. -r;t^t)^$|J^a|y-^cGl tcG 

2. ^-2)li(if&JW';r-hCG2iCG3«. ^iJP^- h 

[0 0 2 7 ] h'CP 1, CP 2, CPa^Ji^fie 

li^£littLfc^, ^P/'^yh'CPl, CP 2, CP3?£ 

m^-t^mmzmmoiz^t£mm/^^-><Dx.y^>if 

KCP 1, CP 2, CP37l^^Sn5. 0 3 



(7) 

v^j^i$.hrcmx$>^, /<t*5, fT:^(^co^^ •J-fe>'^WT■ 
[0 0 2 8] 04«, 'J-fe;i'0*SSB^)-*t£:*:UT 

10 TS©^hA^BTM43j;t>**±H©l>-y:/^TOP 

fc<!:;^«, :::S!<ba3g, SSft^^b^^ (silicon oxy 
ni tride) h 7 7';5^*i!>;^j:V^Sfba^7'ii:*^ ^ 

hu/yi^Top«. wmnm^'f-hmizmmz 
0 ^s^^citi^js^y- hffli*^ AS z. t ^m±-r^ 

mtLxmmr^. 'pm<Dmcsizitmmhyyyf)^^ 

[0 0 2 9] m^ii^^mz. lett^i {c«?taA^ff 5 

BL2tC*?P«l±<£9JiPb, SiJIWy*- h C G 1 , CG2 

^. tf-y hiiiBL 2ir«iifS^fnfcy-x • \iu^>mm 
s / D e> 5^ -\' ^ tr ttS^ $ nfc ^ ^ ;n*i & ira 

M«S/D{|iJT'i«l/iX:^^;i/^-€:ftT> 4^'hAI^BTM 

iBita5 2(c«i?f?&aA-r-5«^«. umy-hcGi, 
cG2m(Dmm^^o9x. A^ob'-y hisbl i. bl 

jtti/^co, «^/i^*tEis^2 {-aA^ns. 

[0 0 3 0] Sg-J^mUBtlClJ, ^*-aiU*f*CDf-y h*^* 
Ll. BL2MtCB?5t®Sg*.ffiUh*W-r>«l£5rB]Sn-r 

-hCGl. CG2i:'7-K^WLtcEnJn-rS. Z.(Dt 

my-hmf£^WKim?L^::t\z^r). ±uiimmzn 

50 *.|Ub<£:fT'5. 
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[0 0 3 1] =f-^^)Vmi&MCHt'J- 

[0 0 3 2] ■o€\z. u-b:;K^Sjg:*r&^. 0 5*^ 
ateSUB±{C« 01 (A) ii^xsm^iz^-t^oiz. 

iZ. HS PAD, gE^bBi±«OS*3j:t;f«!|4«SF 

^m^^j^^r^o mim±mos\tmit^tnz<^^mm 
-?-©T©/-?-y KiPADtt, mitm.±mos(Dm 
X'Jii^mz!^cxm^^n^m^^mT'$>y). rzt^ii5n 

[0 0 3 3] dCOffllKPAD. OS43j;D^'S F^. 1/ 

[0 0 3 4] r^m^mmmmm\z\i-^^ntz§'i^^ 

"ji;t^z.t\z^r)^ S F«®T5i-^-r-5, z.n 

SFCOlPgUlraJbjiinitt'-y h^BL 1, B L 2 *^ 
}K^$n-5, fyh«8PLl, BL2tc:j:0, WPBSl^ 

[0 0 3 5] «ttlSFSrS«i«»Cl^Sb;t«, «Hib 
fcbf>vhlSBLl. BL 2 0fflS:l?*BI<bbT. fc<!:^« 
^10 nmgacDM«#:MD F 1 <&}^fi£T^o mmW^ 
DF 1 i:K{bajt«OS®iKJp^ft)g<b1--5^<!:{I=t 

0 . 'mm±m o s ©sssiSiiiT- =bg?fb*«+^i-»c it*. + 

^i-JtcJfSCKIi^llDFKlcfcl^b'y hUBLl. BL 
2©«®^^±tcS5;^(h*^*T'#^o %tz. C(DiDi*I 
ST. h'-;/h^BLl, Bh 2 ^m^T^^^^B^M^ 



(8) 

[0 0 3 6] K{i:i5a±Sos*3j;z>v-?>y h*iiPAD^)ii 

F iwsffit^-^tf Affile, «it#ffl^csF$?^fie-r 

10 hAmBTM^mm^tiz^D^mr^m'^it. t^h^m 
BUT\t^^:^)im^mwLCHmmiz(o^MfSi^n^. 

[0 0 3 7] ^mm^+^lZ K-T'Snfc^^^aS^S: 

m<mmv. msizm^vmrnvtzmm^-^y hcp i. 
CP 2, CF 3 -^mis.-r^tzi!b(DJiy^>^^mm^ 
^i^mmm±<Di^''mfj.mm\zm^Lrzm. ^f^^^m^ 

X-:/^A*-7i7f -S.O ^intC^O, b*-yh^BLl, BL 
2©iSSffliJffl(C*rL.. |jia{*:MDFl, CSF^^^Si* 

^ct<cJiT-y--f h*':7;j--;i.}i^«(DSiwy-hcG 1, cg 

20 G2, CG 3, -izm'^tiM.-^ntzmm^'^y \^cp 1 , 

CP 2, CP 3-*^*J^fi!c$n.5. ;i(Di#CD^»E!il*^+ 

^sb^ayxmmzmm^n^o ^<d^> x.y^>if^m 
[0 0 3 8] 01 (B) (Dmj^ft^fztbiz. ^-r. u 

ffliy-hCGl, CG2SrVXi'i:LT«?^#«SiCS 

F5:X-y5^>^-r-5. cnfc:d;D. SUffllfliffiCGl, C 

G 2m<D^^^)vmfSLmmcH±(Dn^wmm^^t. 

e-yhi^BLl, BL 2®±;5(DS?tSW^BI5^i'i75^'^ 
30 5fe$n-5, O^C, I^K^bLT, SiJffll«ffiCGl, CG 
2«Et. SiJWy-hCGl, CG2P4tCgmLfc5^^ 
^;^fl^^i£ffl^c HcDSffit tc:i::i?^ba^^2:J^fiK-r-5. 

cntcj;D, ^^^^m^rzitmf^^B^mffi^m^zmm 
(ommi^mDF 2if)m^-^n^-f)^. m<om^immwm 
x$,^rzsbmEmm<f^nu^K t^is. h'-:/F#^s 

l^T, Affile?- KllWLt/i^»«*^i^^0<i«W 

— >$:}gfiKt"'5. — >$rVXi7 i bfc 

R I EI?®S>^1475t3il.^x-y^>^lrd:03g««l4S:»a 
IbT, ^-HJSWL^^figf^. ^/t. 02 (B) 

^T^— KiiwL©-y--r h''i7^-;i/WL' ^mt^a-r^. 

[0 0 3 9] -P^'t. *^]!iJl^^iC'0^^^^U-fe;H^j^ 
fBiSi:a:{cl2«6$nfe8ir®«liiJci5ViT$iJia?y- h ^ 2 o 

50 <D-*)--( ]i'yyf-Mz^mLrzm^^it^mfr^i)^. * 
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-5. iai2 (A) «> ±fB^X(cK« $n^c -t^KDWfffl 
©fT*l^tCfp>o/c»r®0T^^. 012 (B) «2/^: 

[0 0 4 0] :ia)ltgc#ijC0^^ U-tJl/«, •7-Hh^> 

vT.^'WTt, c:t^2:i*^T2oro^^:'J h7>-:^x^ 

WL{C»^$tl^7-Hy-hWG^*-L. ^-WMBfC 

(DUn^'-VCGl, CG2, CG 3 ^rPfiKLTl^^.-t 
<!:, ^J;&[^©-fe;i^W^gS^ff pK«<i^^«tS I SOSr* 

#<S^i-5. »?9y-hCGl, CG2. CG3«^J* 

[^frft<fl^^f '>;^j:<tfc« ^(DM^miZ 
ttl!)lt7^t'5 7-h*y-hWGt)^J:;&|6]tCfiVi¥fTX h 

[0 0 4 2] uT. it^m(o±)mm^^^m^n^m 
Ky- h WG t!^j:5««iM«ra«i))itr<k 5 iz^frnm^ 

(C^-rfHWA- ^h'CPl, CP2, CPS, -(DiiLmfi 
-5o ^(D^gm, -7- h*y- hWGtfi-S^SlCDMfiiJffi 

/i-s-y-'f K'^*-;!/*^ wny-hCGi. cgi, c 

G2, CG2, CG3, CG3, -i UTJgfiK^nS. 
Sfc, |BlS|flr$iJ^/1-;/ HOP 1, CP 2, CPS, 

5l^'J-y--f H'>*-;l'i3<fcyf7-Hy-hWGt:^i^«S 



(9) 

F * -;pPb1©x^-7, i'roiflii^^Tffl 
ia:^7l^etS'7-Ky-hWGt;^S^«^©ig$i:^L 
tt, 7- Ky- hWG iyi^JS««^®/<)^'^i±i-r?.*^. 

mmvx'7-}imvfi.f^(DTm\zmaiLrzmmm 

^:siy^>ifiz^K)^m-r^o cniz^r). 7-Ky- 
h w G *t-t ; p r t ir M L Ac A ^ - > T fiK s n ^ . 
[0 0 4 3] :i<Ditmm(Df^ KDmmit. **lXgT. 
7- Ky- hwG tfs.?)mmm^±i)i'::t<DAd^->\z 

^wi-r^mz^m^^m(Dmmf}^^i:''^-t^^:itx'$> 

-5. -r^'Ji^J-fe, HafBLfcJ:5IC7-Hy-hWG<h^i-5 

mh^^-Dfzmm. -rui:>*>mi 2 (b) jc^-tjc^ic 

[0 0 4 4] *3lJfiJK^(c:^«-tr;u«jgtr:fetiTtt, 9 

— \^y—hwGtu^mnm^^vx^^fj.\'^rztt>. zLti 

30 J^OD^py-hJ^ttSrSetbTlST— /^©fiiJffiSrWbT 

[0 0 4 5] jt^^ycom 2 on.m'iictt. ^mmi&U(D^ 

mif^M&hm ^mto^ \z%i'^mzmm\.rzmMmm 
mcsY (om.mzn.mt^'^'fHmzm^Ki -^-r < nc§ :i t 
-e&-5. t<\zm^WkXWi^x&.xftm^'nt>n^m 
tztx\tm^<Dtzi^\z^x-^n^mm'&<DmM (ie 

?L) tt> aAfctt$nT«HWirgi^feA^n-g);ii;5^Yj: 
(B) «. ;:om#c)«@««t'J-i7/ixro:&i6]Sr* 

[0 0 4 6] **igJK!iT'H. 02 (A) lCi3t>T5=- + 

c H (c» b tzmmmm!^ c s f ©a55i-*^iB 

50 5fiJ.^*^fe«. ;^i:*5, MI«i*^J-«tB*LOCOSfe-^S 
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[0 0 4 7] ltfe«ajc0^3(DP»1!S,'Si:UT, EI 1 3 tC^ 

*tabS. J^-tirYi?). 1 'J-fe;^^^<D2•OCD^!I1a|^r•-H 
CGliCG2, CG2i:CG3, fflitlrS^iS 

[0 0 4 8] **S6JgffiW-fe;i'^iSTtt. 1 U "feJl. 

F>vI®2CKD$iJSy— hCGl <tCG2, C.G2tCG 
3, il3 tC^f J^figPt.-i^TliEtii-Sl^n 

-hCGitcGi. cG2tcG2, -■^nn.'&r^m 

CGliCGl, CG2<J:CG2, ■■•^^tX'^n'mWt 

[0 0 4 9] ^cofte, *^j!iS}^«lTii. 

TJ^jSbfcit^«R|<!:Jt'<t:<;/ h^BL 1. BL2, 

h ^ > vT.^ WT ©5^^ ^;Ufi?:*/h«|i|iiF ct 0 < 

[0 0 5 0] ^usEj^ffiTii. *»Hj©ti^riMafflroie 

[0 0 5 1] Sit. 0 8«Ig(C;Jot,iT#«g^S^<DS 
B (CflSS^b tC J: S ^«*|s:|^ DFl<&JgfiK-li-rH> 09© 

xs©m^Sf§«liscF©JgJSS:^foT%)ct^i. ■?•©« 

^, 01 1©XS(C431>T. «?^S«KS CF©X-y5" 
>i^<CJ:»3 b'>;/ hlSBL 1, BL2, - t.ti.^'S^^W^^ 
^©±®*^g|iSr-5*^ -5-©«. fBIPy-hCGl, C 

G2. -(D^m-^mkvc^^mz. z.<D\iv vut-ts.^ 



(10) 

18 

^^sa«©±®tct)^efb^n-^<t:a^^*^'jgf£$ 

n-&z:<!:*^e>, •7-h*^i©^i»^J'gfllKti+5i-lC7i$n 

K<bls±«os©figpxs<t, ^©^©^*x@. *3<i; 
yt0 8tc*3tt^^^{bxg*^*^ST*D, -^©4^, x@ 

[0 0 5 2] ©Jffll^r'- h C G 1 , CG2, 

t'-;/h^BLl, BL2, -) ©(iM(Cj^^$n 

4fC^-rj:5lC. awy-hCGl, CG2, -^r, h* 
-yh^BLl, BL2, •••©#M:j3j;lX±S^Sf>fl^1* 

«?t#«KCSF^. k--yMiBLl, BL2. ■••©«!] 

1 1 ©«#giMlKC S F®4i-JliXStC43ViT, If-;/ h«l 
±©«?Sf«WllgB5^«. $^J^a9y- h C G 1 , CG2, - 
20 lcJ;OffiM^n-S)75^^-e^^o 

[0 0 5 3] £JIT, C©$iJiWy-hCG 1. CG2, - 
©J^fiK*ffi<&2tfiJ. 0®S:#Rgb;^*ie.lft?^f ^. ^1 
<D^m^. 01 5~0i 7{cs^-r. r©Sji::^ffi«. 5t 

tciSBjL-01 otc^-r-9--r \^<y^-}vm(Dmmy-h<D 
m^xm^. 01 5t0i 6tc5^-rxgT'a#giA-5c: 

[0 0 5 4] 0 5~09 ilBlCXS^riST. k*-y h^B 
Ll, BL2. y-X • K^'f>M^S/D. M«^*:D 
F l4oJ;tK«##MlKCSF®J^fife^fTofc«, 015 

•yh^BLl, BL 2±lC'f4Mf ^««KCGFgB5i-© 

[0 0 5 5] h/1i$'->R 1 ^rVT.i'ibfc 

Jiy^yir\Z^Ki. ^«KCGFSr/1^7->->i7'-r 
2.. 01 6lc^-rj:5t3, ^^:^)VMm. 

i$.<r>^^^<r)±.-)S-^^m\^tzUmf-hCGl, CG2 

*s?^fi!c^n5o :r:©t#©x-;/^>:y«, ^loWmm 

40 {c^<, hA"^->R i^^^^^jg-r-s^fl^^^a 

■thZt\ZthU'DX. WS^T. h/1^->R 1 ©X-yv' 
*^*«jiL, ^©*S*. UMf-VCGl, CG2©{HiJffi 
©^i^tfflJ!S75^*)lix-/tti^j:^*^?>Tfe-5, fiJS, X>>v^ 

V'^-^UE\Zi:.'oX. UvT, h/l^'-^R 1 ©X>;/ 

[0 0 5 6] 0 1 7 JC^-rj;-5(C. ;i©$fJpy-hCG 
1, CG 2 *v;^i7i:t;tX-;/5^>^«:fTl>. ®?3f#ffil 
50 liCSF^^J-BI-r-S. 01 4©«lii<i:-r?)fcJ6 
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[0 0 5 7] ^2(73:)^fett, a»mKCGF»j]PXB#(OV 

-5. ^2®^?*^, 0i8~0 2 2tc^f. 

^r-hcD}^figXe=^. 121 1 8 ~0 2 2 tC^rXg-C®^ 

[0 0 5 8] 05-09 t|W|i;XS$:^ST. My V^B 
LI, BL2, V-;^ • KU'f>«J®S/D, ^««:D 

Ka5^;^i<i:A^e>;^£-S^«MCGF€:J^fig-r^c i^l>T, 
hR 2 (li Officii tJ. 

[0 0 5 9} c:<D«tffi-eU>'XhR2S:V7.i7i:LfcX 

1, BL2<D-h*{C'teg-r-5S?<kffi±KOSF®-gK^ 

[0 0 6 0] ^i;xhR2S:^*t*. il^bPIlh^O S F 
® M H I' S i±i b C G F ^ as? W IC b T « 

0 2 0 tC^-Tct 5 tC. t'>;/h^BLl, BL2(D±:^\Z 

mm#mDF 2^mfSi'r^o 02 i(r*-rj:-5ic, »{t; 

fCiD. »ttlKCGF<&/1i5'->->^T^o cntCJ; 
0, 02 2{C^-rJ:'5tc:, 

±:*T5i-8lbfc$'l®y-hCG 1 , CG2:*^*J^fi!J$n 

m^DF 2;5^*^^«}i-r-5*fr7!>^a^ bt^o mM^m 
DF2«, mitm±mosF^-77.^ tvftm^mit\z 

'^izmmi^muF 2timmo-r^t. ^rnzthu-DX 

^llfr^DF 2(DX>7V*^^5ib, Un^'- 
hCGl, CG2<Dm^<D^tl^W)m7—f'^t.ti^, 
[0 0 6 2] Z-OUm^f-hCGl, CG2S: 

nmti:hmz^-DX. unf-vcGi, cG2«fiijB 

(lSim«:|^DF 2 5?^fiKb. ■7-H^WL«r?^*iEb. ^ 
[0 0 6 3] 

[^?q«5a*] ^'%m\z^^^^w%^^Mwm'^^m.^ 
^xs^(r)m^-:^mziin\t. m^m<Di:'D\z^- ny- 



11) 

2 fii]p«M<£ jpx-r-&fS(c. m 2 umnm^^'y b-v 

\zm^tzi3^X'm'^miiKi9vm<Di5.Mmzumx^n. 

\,^mMi)^'&nmzm'^^^'^x^. si«^^ii«<^?¥ft 
\zxK). ^(DmM(D9-\^)v^o:>mmf)^w,^\zmi^^ 

^©i^S. »#Mx.»jf^^i^OjIbTfeU-i74ttt 
***{bb;^ti. 1 ^=i:\)^)vn<D2-:>(D^\UnW&'k 

w^-thn}^xmznmf)^^m^nxJsK>. ^nsas: 

tc$iJPT-&fcJ6(c5i-^-rsxg*^'^S-C^^<, WSbB*^ 
n:fc^i|36#i®«o*.T«fiKbfc«^Jc:Jt'^lf 

fflijffii±B^S3j^«tbfc:®^. ^iumnm(Dm.ifi 
wmx-m^hxh. m2Sijp«ffi©^t>-ti:-rn(rj;o u 

<, ^<Dig*, ^,?>.aib«^<DS/Nlt*t{g-Fb>^Vi, 
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MCD«#^«Ji. TOP-h-V^K.' PAD-y1«yK 
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